Background. Human immunodeficiency virus (HIV)-infected individuals who are colonized with methicillinresistant Staphylococcus aureus (MRSA) have increased risk for MRSA infection. We conducted a meta-analysis of published studies to estimate the prevalence of MRSA colonization in this population.
Methicillin-resistant Staphylococcus aureus (MRSA) infections are a major public health problem, both in healthcare settings and in the community. MRSA colonization has been linked to infection in many high-risk populations [1] [2] [3] [4] , and different strategies of surveillance for colonization and/or decolonization have been proven effective in decreasing the rate of infections [5] . Individuals infected with the human immuno-deficiency virus (HIV) have a 6-to 18-fold higher risk of MRSA infections compared with the general population [6, 7] . These infections include skin and soft tissue infections (SSTIs), pneumonia, endocarditis, and bacteremia and are associated with significant morbidity and mortality [8, 9] . Although the relative contribution of colonization in the risk of developing MRSA infection in HIV-infected individuals is unknown, there is evidence that infections are associated with previous carriage [10, 11] , as in other populations [1] [2] [3] [4] . Moreover, HIVinfected individuals seem to be particularly vulnerable to MRSA colonization; whether this is due to immune mechanisms or previous exposures to settings with high prevalence of infection is debatable [12] .
To study the prevalence of MRSA carriage among HIV-infected individuals and determine the underlying basis of the vulnerability of this population to colonization, we performed a meta-analysis of published studies.
METHODS

Study Selection
A literature search of the PubMed and Embase databases [13] was conducted up to 3 . Among the citations extracted, titles and abstracts were reviewed in an attempt to retrieve the clinical studies that reported the prevalence of MRSA colonization among HIV-infected individuals. Articles that were relevant by title and abstract were accessed in full text to determine those that fulfilled the inclusion criteria. In our analysis, we included both published articles and abstracts from conference proceedings published in Embase. Finally, reviewing of the reference lists of eligible studies complemented the search. We performed our review and meta-analysis in accordance with the MOOSE (Meta-analysis of Observational Studies in Epidemiology) checklist (Supplementary Table 1 ) [14] .
Inclusion/Exclusion Criteria
Studies were considered eligible if they reported the prevalence of MRSA colonization in nares and/or extranasal sites among individuals with HIV infection. Studies reporting data exclusively on pediatric populations were excluded due to the difference in the behavioral characteristics of adult and pediatric HIV-infected populations, which could impact the estimated prevalence. A restriction to English-language articles was imposed.
Outcomes of Interest
The main outcome of interest was the prevalence of MRSA colonization among HIV-infected individuals. This was calculated by dividing the number of colonized individuals by the total number of individuals at risk, that is, HIV-infected individuals who were screened for MRSA carriage. Also, we were interested in studying the impact of prior hospitalization, current antiretroviral therapy, current use of trimethoprim-sulfamethoxazole (TMP-SMX), illicit drug use, and history of incarceration. Moreover, we studied the added yield of different sites of extranasal screening on the estimated prevalence of MRSA colonization.
Data Extraction
Two reviewers (F. N. Z., I. M. Z.) independently extracted data from eligible studies, and discrepancies between reviewers were resolved by consensus. Among studies that reported the prevalence of MRSA colonization among HIV-infected individuals, the extracted data included the study period, the country, the number of screenings, the setting from which individuals were recruited, the number of CD4 cells/µL (mean, median, range) and the viral load, the body sites that were screened, the method of MRSA isolation, the number of individuals screened, the total number of colonized individuals, the number of colonized individuals by site screened, and the number of MRSA infections among colonized and noncolonized individuals. We also extracted information on current use of TMP-SMX, use of antiretroviral therapy, illicit drug use, and history of recent hospitalization and incarceration among colonized and noncolonized individuals.
Quality Assessment
We rated the methodological quality of included studies using the Newcastle-Ottawa Quality Assessment Scale (NOS) [15] , which is a "star-based" rating system. Each study included in the meta-analysis was assessed and scored based on representativeness of the exposed cohort, ascertainment of exposure, assessment of outcome, adequacy of follow-up time for outcomes to occur, and adequacy of follow-up of cohorts. Two reviewers (F. N. Z., I. M. Z.) independently assessed the quality of eligible studies. Each study could get up to 5 stars as some fields of the NOS-namely, "selection of the non-exposed cohort," "demonstration that the outcome of interest was not present at the start of the study," and "comparability between cohorts"-were not applicable for our study. Studies that were awarded >4 stars were deemed of adequate quality to extract relevant data. Details of the quality assessment of all eligible studies are provided in Supplementary Table 2 ).
Data Analysis
A random effects (RE) analysis was used to calculate the combined prevalence and the 95% confidence intervals (CIs) [16] . To avoid an undue large weight for studies with low or high prevalence ( prevalence close to 0 or 1), we used the double arcsine methodology [17] , which corrects variance instability and large study weights related to the use of inverse-variance method [18] . Statistical heterogeneity was assessed using the τ 2 statistic [19] , and subgroup and sensitivity analyses were used to account for potential sources of heterogeneity. The effect of different factors on colonization and the effect of colonization on ensuing infections were reported as risk ratio (RR) estimates and RE CIs, with heterogeneity measured by Cochran Q. Smallstudy effect was assessed by Egger test [20] . We used the Stata version 13 software package (StataCorp, College Station, Texas) for data analysis.
RESULTS
The initial database search identified 1889 publications in PubMed (1958 PubMed ( -2014 and 6051 in Embase (1950 Embase ( -2014 . The date of our last access to the databases was 3 April 2014. Sixtynine studies were assessed in full text, and 35 were considered suitable for our analysis. Fifteen studies were excluded because they did not perform screening for MRSA colonization, 8 because they did not specify how many strains of S. aureus isolated in colonized individuals were methicillin resistant, 7 because they did not report extractable data on colonization among the HIV-infected subpopulation, 2 because they reported data exclusively on pediatric populations, and 2 because they were case-control studies. The review of the reference lists of full-text articles did not add any additional studies. Five studies contained partially overlapping data and they were included only once, with an effort to include the maximum amount of relevant information, leaving 32 studies for the final analysis ( Figure 1 ). The references of eligible studies are provided in the Supplementary Appendix. The characteristics of eligible studies are summarized in Table 1 . All studies were prospective or cross-sectional except for one [21] , which reported both cross-sectional and retrospective data. The total study population was 6558 individuals, of whom 4436 individuals were attending outpatient clinics and 1941 individuals were screened within 72 hours of hospitalization or in the emergency department. There was 1 study reporting data on 15 HIV-infected individuals attending a dialysis center, 1 reporting data on 30 newly arrested individuals (within 24 hours), and 1 reporting nonstratified data on hospitalized persons and individuals attending an outpatient clinic (n = 136). The included studies were published from 1990 to 2013 and reported data on 6558 individuals screened from 1988 to 2012. Fifteen of 32 studies reporting data on 4517 individuals were published after 2010. Seventeen studies (53%) were conducted in North America, 6 in Asia, 6 in Europe, and 3 in South America. All studies used culture methods to isolate MRSA. All studies were deemed of adequate quality regarding the outcome of interest and were included in the meta-analysis (Supplementary Table 2 ).
The combined prevalence of MRSA colonization among HIV-positive individuals was estimated to be 6.9% (95% CI, 4.8-9.3; τ 2 = 0.067). The Egger test yielded no evidence of small-study effects (bias −1.39; P = .17). When data from studies conducted exclusively in North America were separately analyzed, the pooled prevalence was estimated to be 8.8% (95% CI, 6.0-12.2; τ 2 = 0.051), and again there was no evidence of publication bias (−0.60; P = .56). Ten of 17 studies conducted in North America also reported the strain of the isolated MRSA. All of them identified USA300 as the most prevalent strain. Among individuals attending outpatient clinics in North American studies, the pooled prevalence of MRSA colonization was lower (7.0% [95% CI, 4.1-10.6]) than among individuals screened upon their admission to the hospital (13.5% [95% CI, 6.2-23.0]), but the difference did not reach statistical significance (P = .12). Across European studies (560 individuals), the prevalence was found to be 1.0% (95% CI, .3-2.2), whereas across Asian studies (n = 1757), the corresponding figure was 5.8% (95% CI, 2.8-9.8) ( Table 2) . Based on 5 studies that reported stratified data on hospitalization during the previous 12 months among 1787 colonized and noncolonized individuals with HIV infection, we estimated that individuals hospitalized in the preceding year have a 3.1 times higher risk of being colonized compared with nonhospitalized individuals (RR, 3.11 [95% CI, 1.62-5.98]; Figure 2) . Moreover, based on 4 studies that reported stratified data for Number of patients who were found to be MRSA colonized. Figure 1) . Across the included studies, we were not able to estimate the impact of HIV stage (CD4 count, viral load) on the risk of MRSA colonization because studies reported stage of disease instead of absolute CD4 or viral load counts and used different cutoffs or provided the relative effects or mean values of CD4 and viral load without providing raw data. Individual study data regarding this association are described in Supplementary Table 3 . More specifically, 1 study conducted in Europe, 6 studies conducted in North America, and 4 studies conducted in Asia examined the risk of MRSA colonization based on the disease stage of the study population. Among them, 5 studies found that MRSA carriage is independent of CD4 count, whereas 6 concluded that lower CD4 counts increase the risk of MRSA colonization.
Across the included studies, 7 reported concurrent data on screening nares and extranasal body sites in the same study population. Four of these were conducted in the United States, 2 in Singapore, and 1 in the Netherlands. Studies were conducted between 2007 and 2012 and included data on 2876 HIVinfected individuals. Two of the studies screened individuals on admission to the hospital; the other 5 screened subjects during outpatient visits. Testing for MRSA carriage at extranasal body sites increased detection of MRSA carriage in all but 1 study [22] . The number of MRSA carriers by extranasal testing increased by 31.6% (95% CI, 15.8-50.0). The studies also provided data on individuals colonized at individual extranasal body sites with negative nasal screening. Five studies reported on individuals with positive perirectal screening, 4 each on individuals with positive groin and throat screening, 2 on individuals with positive axilla screening, and 1 on individuals with positive wound screening. Screening of the groin identified 19.3% (95% CI, 11.5-28.5) more colonized individuals than screening nares alone and perirectal screening identified 18.5% (95% CI, 7.4-33.2), whereas the corresponding figure for throat cultures was 17.5% (95% CI, 12.0-24.0). Of note is that 1 study could not be included in the analysis as no patient was colonized in the nares, and exclusively extranasal colonization was studied [23] (Table 3) .
DISCUSSION
Our meta-analysis showed that 6.9% of individuals infected with HIV are MRSA carriers, an estimation that is as high as that reported among high-risk populations, such as patients on chronic dialysis (6.2%) [1] and patients admitted to the intensive care unit (7.0%) [3] . Prior hospitalization and prior or current incarceration are significantly associated with MRSA colonization, and nasal screening alone underestimates the rate of colonization by at least one-third. This estimated prevalence of MRSA carriage is worrisome given the high rate [24] [25] [26] [27] and morbidity [8] of MRSA infections in this population. Importantly, individuals hospitalized during the previous 12 months have a 3.1 times higher risk of MRSA carriage compared with nonhospitalized individuals. This association highlights the importance of the contact with the healthcare system in this population. Among our studies, the most commonly isolated strain was USA300, which is a community-acquired strain. However, this strain is nowadays increasingly prevalent also in the healthcare setting [28] . Previous or current incarceration was also found to increase the risk of MRSA colonization among HIV-infected individuals. Crowding; rationed access of inmates to soap, water, and clean laundry; delays in diagnosis of skin and soft tissue infections; and sharing linen, soap, or clothing are some of the factors that have been suggested to account for high MRSA colonization of inmates [29] . Jails and prisons have been characterized as settings with increased prevalence of MRSA and other drug-resistant organisms that are spread primarily by person-to-person contact even among non-HIV-infected individuals [30, 31] . This led the Federal Bureau of Prisons, as well as different states' departments of justice and public health, to develop guidelines specifically for the control of MRSA transmission in correctional facilities [32] . The implementation of these policies had inconclusive results in different facilities [33, 34] . Because our study focused on HIV-infected individuals, we cannot provide any comparisons on the prevalence of MRSA among prisoners with and without HIV. However, HIV infection has been previously shown to be independently associated with an increased risk of MRSA carriage in correctional facilities [35] . Of note, the variation in the time frame of incarceration reported in the individual studies did not allow an estimation of how long the increased risk for MRSA colonization persists.
Antiretroviral therapy is proven to reverse some of the immunologic abnormalities that may render HIV-infected individuals vulnerable to MRSA colonization and infection, and several studies have examined its association with the rate of MRSA carriage with inconclusive results [36] . Also, trimethoprimsulfamethoxazole (TMP-SMX) has antistaphylococcal activity. However, our meta-analysis could not find an association between either current antiretroviral therapy or TMP-SMX with the estimated MRSA carriage. It should be noted here that individuals who receive antiretroviral therapy and TMP-SMX prophylaxis might have a lower CD4 count than those who do not receive therapy, and this may increase their risk of MRSA colonization. Because our RR estimates are unadjusted for the CD4 count, the possibly protective effect of antiretroviral therapy and TMP-SMX prophylaxis on MRSA carriage might be lost due to the difference in the CD4 count.
Interestingly, extranasal testing identified additional MRSAcolonized individuals in all but 1 study (which had identified only 2 colonized individuals out of 100 screened) among those that provided stratified data [22] . More specifically, extranasal screening increased the number of individuals identified as carriers by 31.6%, which means that for almost every 3 carriers, 1 will be missed if extranasal sites are not screened. This estimation might even underestimate the actual prevalence of extranasal colonization as not all studies included in this subanalysis screened all the available extranasal sites. Due to limited data, it was not possible to estimate the benefit of combining multiple extranasal body-site screenings. This high prevalence of extranasal colonization probably indicates that nasal mupirocin ointment alone might not be able to effectively decolonize the carriers, highlighting the importance of the chlorhexidine bathing in this population. The fact that groin and perirectal screening provided significant additional yield for MRSA detection over nares screening (19.3% and 18.5%, respectively) is particularly interesting given that 26%-40% of SSTIs among HIV-infected individuals are reported to be located in the buttocks/scrotum/anogenital region [6, 37] . Additional clinical studies should examine the association of the site of colonization with the site of SSTI.
Of note is that only 16 of the 32 studies (50%) included in our meta-analysis included screening of extranasal sites in their protocol, and this might have underestimated the burden of MRSA colonization in this population. Also, only culture methods were used among the included studies, which are reported to have lower sensitivity compared with polymerase chain reaction [38] . Finally, our estimates combine data from different settings, countries, and years, and our results may not apply to the individual center where local epidemiology has the most significant role. Indeed, we found that there was limited or absent MRSA colonization among HIV-infected individuals across the 7 studies with 560 individuals that were conducted in Europe, but further studies are needed to confirm this low estimated prevalence.
Among the studies included in our meta-analysis, 2 reported stratified data on MRSA infections among colonized and noncolonized individuals [10, 11] . In these studies, 68% and 100% of reported MRSA infections were among previously identified carriers and the colonizing isolates always matched clinical isolates. The possible association of colonization with infection and the identified increased burden of MRSA carriage among HIV-infected individuals raise concerns about whether screening and/or decolonization policies should be applied in clinical practice, as in high-risk hospitalized populations. In the outpatient setting, there is no straightforward answer to the efficacy of active surveillance for colonization and decolonization in reducing the rate of infections, as well as to the best policy regarding frequency of screening [39] . Approaches should be tested in clinical studies taking into account the high rate of extranasal colonization that was found in our study. Subpopulations with high-risk characteristics for MRSA infection in addition to HIV infection (eg, intravenous drug use), as well as patients with increased risk for colonization (eg, previously hospitalized or incarcerated patients), might benefit more from screening and/or decolonization and should be the first targets in such clinical outpatient studies. In the meantime, current community-associated MRSA prevention strategies seem to be of high importance [39] . In the hospital setting, it might be prudent to consider including HIV-infected individuals in the populations routinely screened on hospital admission. Decolonization for some individuals, as well as strict compliance with infection control policies, might be of significant help given the vulnerability of this population to both colonization and infection.
CONCLUSIONS
In this study, HIV-infected individuals were found to have high prevalence of MRSA colonization, with a significant proportion of carriage being detected exclusively in extranasal sites. We also found strong evidence that MRSA colonization is mainly related to previous exposure to settings with high prevalence of MRSA, such as hospitals, jails, and prisons and weaker evidence regarding the association with high-risk sexual behaviors. Given that HIV-infected individuals are at increased risk for MRSA infection and that colonization has been associated with infection, these findings emphasize the need for evaluation and implementation of MRSA prevention strategies that focus on this highly vulnerable population. In this effort, specific attention should be drawn to the important burden of colonization in extranasal sites.
Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online (http://cid.oxfordjournals.org). Supplementary materials consist of data provided by the author that are published to benefit the reader. The posted materials are not copyedited. The contents of all supplementary data are the sole responsibility of the authors. Questions or messages regarding errors should be addressed to the author.
